
Abstract-Today's main focus of the emerging cellular technologies is to fulfill users high demand while fully utilizing available resources. Massive MIMO is expected to play a vital role in this development, such as 5G, as it results in noticeably better performance, against the cost of needing more hardware components. This work study the effect of increasing the number of antennas on the system data-rate (capacity). We derive this relationship mathematically for both Single Input Single Output (SISO) and MIMO systems. Further, different from other papers in literature, using MATLAB Simulink we verify this proportionality for three modulation schemes (QPSK, 16 QAM and 64 QAM) and for several MIMO (2x2 and 4x4) and Massive MIMO (8x8, 16x16 and 24x24) systems. We finally establish a comparison between that theoretical results and results obtained from MATLAB Simulink.
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I. INTRODUCTION
Massive MIMO is planned to be a core component in the design of the new upcoming 5G technology, since it provides vital and crucial enhancement on different performance metrics (especially system capacity). Apparently, the trade-offs are the added design complexity and of course the need of extra hardware (in terms of transmit and/or receive antennas). However, theses tradeoffs can be overlooked since massive MIMO provides substantial system improvement and satisfies users' high (continuously increasing) demand.
Extensive research is being conducted on the massive MIMO field and on how the increase of the number of antennas can affect system capacity. For instance, authors in [1] , analyze the aggregate impact of different hardware impairments on systems with large antenna arrays (Massive MIMO). They model the residual hardware impairments at the transmitter and receiver as additive distortion noise. However, they present a direct relationship between the number of antenna arrays and the spectral efficiency (System Capacity). Effectively, with different assumptions throughout their work, they show that the capacity with ideal hardware grows without bounds as the number of antenna increases, while under transceiver hardware impairments the lower and upper bounds converge to finite limits, but still the relationship is in direct proportionality. Motivated by the previous works studying the asymptotic analysis of capacity in Massive MIMO systems [2] - [5] the authors in [6] provide a nonasymptotic analysis of the capacity for a point-to-point massive MIMO system. They further develop not only deterministic bounds on the ergodic capacity but also statistical bounds on the instantaneous capacity. Ultimately, for both deterministic bounds on ergodic capacity and statistical bounds on instantaneous capacity, they show that as the number of transmit antennas increases, the bounds on both ergodic and instantaneous capacities increase accordingly. Recent work in [7] study the capacity of massive MIMO-OFDM systems with strong nonlinear distortion effects. They derive theoretical expressions for the channel capacity considering different downlink scenarios where a base-station with nonlinear transmitting branches communicate with receive antennas. It is shown that, at the same SNR value the capacity increases as T increases (the number of transmit antennas). Furthermore, they show that although nonlinear distortion effects can reduce the system capacity, this capacity loss can be reduced by increasing the number of transmit antennas as well.
In this Paper, we first derive a mathematical model that relates the number of antennas to the capacity of the system. Section II effectively builds the argument starting from a SISO case where only single antenna transmitter and single antenna receiver are considered, then we develop an equation for MIMO in general that can be applied for any transmission system with a number of antennas greater than one. Moreover, in section III, as a novel work different from the papers [1] , [6] , [7] , we provide the system model using building blocks of MATLAB Simulink, we discuss only one specific model that can be easily generalized for any less number of antennas. Finally, in Section IV, we show the results from the simulation for capacity vs number of antennas for different modulation schemes and different MIMO settings at the same SNR.
II. THEORETICAL APPROACH
In this section we provide an abstract mathematical reasoning in order to be able to conclude that there is a direct impact of the increase of the number of antennas on the system capacity. Therefore, as a start, Single Input Single Output (SISO) system is considered. Claude Shannon showed that the maximum error-free bit for an Additive White Gaussian Noise (AWGN) channel for such a SISO system is given by:
where C is the channel capacity (b/s), B is the channel bandwidth (Hz) and S/N0 is the signal-to-noise power ratio (watts/watts) at the input to the digital receiver. On the other hand, MIMO is used to increase the signal-to noise ratio. In a system with T transmit antennas and R receive antennas, the received SNR can increase in proportion to T x R. In general, for small x, we can use the approximation log2(1+x) = x for equation 1. It implies that at lower SNR the capacity increases proportional to the SNR. In the same way, for higher x we have the approximation Log2 (1+x) = log2 (x). It means at higher SNR the capacity increases logarithmically with the SNR. Thus in the case of multiple antennas at the transmitter and the receiver, there is a way to have up to N = min [T, R] parallel channels with N times lower SNR since the signal power is divided among the channels. In this way the channel capacity becomes
For different SNR values, we apply (1) and (2) to calculate the capacity for SISO and Different MIMO systems respectively. It can be easily shown from Fig. 1 that the theoretically capacity increases with SNR and more interestingly, capacity at the same SNR increases with the increase of the number of transmit and/or receive antennas. 
III. SYSTEM MODEL AND DESIGN EXAMPLE
In order to prove the theory of the relationship between the capacity and the number of antennas, in this section we implement different MIMO settings using Matlab Simulink building blocks. Namely, we have designed MMO (2x2), (4x4), (8x8), (16x16) and (24x24) systems each with QPSK, 16QAM and 64QAM modulation scheme. For the sake of shortness, we present only massive MIMO (24x24) system, as it is the most sophisticated system among all.
Twenty-four antennas are used for both transmitter and receiver. OFDM is used alongside with an AWGN Rayleigh faded channel as shown in the Fig. 2 . The Bernoulli Binary Generator block generates random binary numbers using a Bernoulli distribution. Modulation and Demodulation blocks are used to change between modulation schemes (QPSK, 16-QAM or 64-QAM). OFDM Transmitter composes of Selector (Selects or reorders specified elements of a multidimensional input signal), IFFT (Outputs the inverse fast Fourier transform (IFFT) of a real or complex input by computing radix-2 decimation-in-time (DIT) decimation-infrequency (DIF)) and Reshape (Changes the dimensions of a vector or matrix input signal). The MIMO (24x24) fading channel that composes of input port, twenty-four Selectors, ninety-six Rayleigh Fading blocks, twenty-four Sum blocks, twenty-four OFDM Transmitter blocks, and twenty-four Frame Conversion blocks. The OSTBC Combiner job is to Combine the received signal and channel estimate inputs in accordance with the structure of the orthogonal space-time block code (OSTBC). The OSTBC can be rate 1 for 2 transmit antennas, rate 1/2 or 3/4 for 3 and 4 transmit antennas. Finally, OFDM receiver inverses the job of the OFDM transmitter. 
IV. SIMULATION RESULTS
This section provides capacity results for the different MIMO (2x2 and 4x4) and Massive MIMO (8x8, 16x16 and 24x24) systems. Results are generated using the MATLAB Simulink blocks described for each system in section III. For MIMO (2x2) with a duration of the simulation set to 100sec, bandwidth of 20 MHz. Using QPSK, 16-QAM, 64-QAM modulation and OFDM a capacity of (5Mbps-45Mbps), (20Mbps-45Mbps) and (20Mbps-45Mbps) has been recorded respectively. Same capacities were obtained when MIMO (4x4) is used with code rate.
Furthermore, With the same simulation duration and bandwidth for MIMO (2x2) and (4x4), the capacity is obtained for different massive MIMO systems (8x8), (16x16) and (24x24) using different modulation schemes (QPSK, 16-QAM and 64-QAM). The results for the average capacity of each of the settings can be shown in Fig. 3 . In this paper we studied the impact of increasing the number of both transmission and reception antennas on the capacity of the system. The study has been conducted first from a theoretical approach and it has been shown that for different SNR values ranging from 0 to 50 dB, as the number of antenna increases the capacity linearly increases accordingly. Furthermore, we verified this theoretical outcome using Matlab Simulink to simulate a real system with additive noise and fading gains and it has been shown that also any increase in the number of antennas will result in a capacity increase, this verification has been done for only one SNR value but for different modulation schemes. The conclusion proven to be valid regardless of the modulation scheme.
